Excess functions, H^E, for activation of viscous flow, as well as the dielectric constants of dioxane (1) -sulfolane (2) mixtures were determined: slight negative deviations from ideality were observed in both cases, with a minimum at x ^ 0.5.
Introduction
The volumes of mixing 1 measured on some binary systems involving sulfolane (tetra-hydro-thiophene 1,1-dioxide) seem to point out that dioxane, owing to its molecular geometry, is more apt than carbon tetrachloride and benzene to give "regular" solutions with sulfolane.
To provide further information, solid-liquid equilibrium temperatures, dielectric constants and viscosities were measured on dioxane(l) -sulfolane (2) mixtures over the entire composition range (the latter two at 303.15, 313.15 and 323.15 K).
Experimental
Sulfolane, kindly supplied by Shell Co. Industrial Chemical Division, was carefully purified and dried as already reported 2 ; dioxane, Fluka high purity, was fractionally distilled, carefully dried over sodium metal and then once more fractionally distilled [f(25 °C) =2.204; freezing point = 11.74 °C; both in good agreement with previous data 3 ' 4 ].
Solutions were made by weight (corrected to mass) in a dry-box.
The apparatus and procedure, adopted in measuring viscosity, dielectric constant and solid-liquid equilibrium temperatures were described elsewhere 5 .
Both cooling and heating curves were taken: the initial freezing temperatures of solutions were obReprint requests to L. Jannelli, Institute of Physical Chemistry, University, Via Amendola 173, 70126 Bari (Italy).
tained by extrapolation across the undercooling region. The accuracy of solid-liquid equilibrium temperatures was estimated to be + 0.04 K for the pure substances and +0.05K for the mixtures; the invariant temperatures are to be considered accurate within ± 0.06 K.
Results

Viscosities
The measured viscosities, r]i<2 (cP) at 303.15 313.15 and 323.15 K are summarized in Table 1 . As known 6 , transport properties may be correlated to the thermodynamic behaviour of solutions, on the supposition that viscous flow activation parameters: AH*, zlS* and AG* are additive functions for ideal solutions. Then the analysis of experimental data by the equation
shows slight negative deviations from ideality with a minimum at x ^ 0.5. Eyring's 7 theory predicts, moreover, linear plots of log(^1>2 Vlt2) vs T -1 ; from these plots AH* and zlS* have been calculated and AG* derived, at 313.15 K (Table 1) , for each composition.
Plots vs x.-> of the excess functions H* E , TS* E and G* E , are given in Fig. 1 ; they exhibit a minimum at x 0.5.
Even if the low negative S* E values (never less than -0.7 calth/K) may be considered as indicative (Fig. 2) , which might be related to the "exchange energy" between unlike molecules, by analogy with the second virial coefficient treatment. 
Dielectric Constants
The dielectric constants, £1i2> of the mixtures and the apparent dielectric constant of sulfolane [the latter calculated as e2 = (eli2 -f^ <p±) l<P* i-SU P" posing a linear dependence of £1j2? on the volume fraction <p2, for ideal mixtures], are summarized in Table 2 . Negative deviations from ideality are observed in Fig. 3 , where e1>2, at 313.15 K is plotted vs (f2. The quantity £^2 exhibits a minimum at a;2^0.5, scarcely affected by temperature changes. From the £2 values, the dipole moment fx2 of sulfolane was calculated by the Mecke and Reuter equation 10 , used in the simplified form suitable in the case of strong dipolar solutes in an inert solvent:
where n denotes the refractive index, £0 the permittivity in vacuum and g = ju2/ju0 2 is the correlation parameter (ju0 = 4.9, being the dipole moment 11 of sulfolane at infinite dilution).
The deviations from unity of the correlation parameter g (last three columns of be interpreted in terms of no strong interactions between unlike molecules, with the exception for dipole-dipole interactions.
Phase Diagram
The initial freezing temperatures of the mixtures over the entire composition range are summarized in Table 3 and Figure 4 . It is to be noted that a) pure sulfolane exhibits a mesomorphic plastic phase (I) in the region 301.6 + 288.5 K 12 ; b) in binaries involving at least one "globular" substance, able to give plastic crystals, the occurrence of a "double" phase diagram is a frequent feature 13 .
In the present case the branches a -b and f -d (see Table 3 and Fig. 4 ) are common to both diagrams, whereas between b and f two sets of freezing points could be observed, mainly in dependence on the fact that the transition, sulfolane plastic phase I into crystalline non rotational phase II, occurs or otherwise is avoided by sudden cooling. In the former case (dashed line bcf) two eutectics, at 271.2 K and x2 = 0.33 and at 275.6 K and = 0.95, and a flat maximum in the region 0.61 ^ x2 ^ 0.68 could be evidenced, denoting the formation of a solid molecular compound (1:2 dioxane-sulfolane) which largely decomposes on melting. In the latter case (solid line bef) a single eutectic, at 258.15 K and x2 = 0.582, was observed.
The fact that the phase Iphase II transition temperature, 287.5 K, is lower than that of pure sulfolane supports the supposition that solid solutions are formed. Moreover, a plot ( 
Discussion
All collected data appear consistent with the supposition that the occurrence of a dioxane + sulfolane 1 : 2 compound results from a combination of a favourable packing geometry and weak electrostatic interactions. The fact that the compound separates from metastable liquid solutions where the transition "plastic crystals ->-ordinary crystals" is avoided by sudden cooling and the ability of dioxane to give mixed crystals with plastic sulfolane provide evidence to the above assumption.
The regular behaviour of liquid solutions, as well as the steady decrease of the Wijk "exchange energy" term with increasing temperature, could indicate a lessened tendency of molecules to interact 15 .
It may be of some interest to call the attention on the fact that also in the case of dioxane -chloroform and dioxane -carbon tetrachloride systems two different phase diagrams were obtained and one of them, in both cases, revealed the presence of an A B2 compound (A = dioxane).
